Abstract. A rat has -180 taste-bud-bearing fungiform papillae which form a unique individual pattern. This study deals with the stability of this pattern. The results indicate that the pattern is stable over at least 1 year.
Introduction
There are -180 fungiform papillae on the tongue of the rat. Each contains one tastebud (Fish et al., 1944) . These papillae begin their development on the 15th day of embryonic life as small bulges on the dorsal surface of the tongue (Farbman, 1965) . Beneath is a connective tissue core, into which a nerve bundle grows. At this stage, the remainder of the tongue surface is smooth, i.e. filiform papillae are not evident until the 17th embryonic day, when fungiform papillae are already well established (Baratz and Farbman, 1975) . The nerve bundle then initiates the development of taste-buds in the fungiform papillae.
We have for some time studied factors that determine degeneration and regeneration of fungiform taste-buds and their papillae. During these studies it became necessary to identify individual papillae over a period of time. This study will describe a method to identify individual papillae by mapping the pattern of papillae and to quantify the similarity between maps. The results will show that the papillae form a stable pattern on the tongue. This knowledge will then be used in the following study (Hellekant et al., 1987) to address questions on degeneration and regeneration of papillae and taste-buds.
Methods
The tongues of male and female Sprague-Dawley rats weighing between 250 and 350 g were mapped during anesthesia with a combination of 0.15-0.2 ml Hypnorm and 0.15-10.2 ml Nembutal. To visualize the fungiform papillae, methylene blue (1.0%) was applied to the surface of the tongue, which then was positioned in situ between two plates made of transparent acrylic plastic. The plate that covered the dorsal surface of the tongue was engraved with a 10 x 12 mm grid divided into 1-mm squares. By tightening a screw at the rostral end of the plates the tongue was pressed against the grid. Mapping was then done in a scale of 10:1 on millimetre paper under an operation microscope.
After 1 day, 1, 4 or 12 months the animals were again anesthetized and their tongues mapped. As a result, two maps were obtained from each animal. A coordinate system was drawn on each map, using the center line of the tongue as the y-axis and a perpendicular line -2 mm from the tip of the tongue as the x-axis. The coordinates for each papilla were then determined with a digitizer and fed into a computer. These coordinates were used for the analysis of persistence of pattern of the fungiform papillae. The analysis tested the hypothesis that in each rat the papillae form a pattern that does not change over time. If the two patterns remain the same over time, each papilla from the first map (A) should have a corresponding match on the second map (B). If the pattern has changed, some papillae from the first map will match papillae on the second, but the overall number of matches will decrease.
The following statistical approach was used. The two mapped patterns were combined into one map. For each papilla its nearest neighbor is the papilla that is closest as measured by Euclidean distance. Each papilla and its nearest neighbor is one of four types: map A to either map A or B, or map B to either map A or B. Table I is constructed in which the entries inside the table represent counts for the four types of pairs and (nj = 1,2) the sums of each row.
Following Pielou (1977, pp. 226-229 ) the definition for the correlation coefficient of segregation r is: r = 1 -number of mixed pairs/number of expected mixed pairs The number of expected mixed pairs is the number obtained from a test of independence in Table I . The formula for r is:
(AB + BA)(n, + ni) r = 1 [n,(AB + BB) + n 2 (AA + BA)] The values of r are always between -1 and +1. A value of r = 1 occurs when AB = BA = 0. This indicates that every papilla on map A is closer to each other than to any papilla on map B, i.e. the papillae on the two maps occur as separate distinct clusters. A value of r = -1 occurs when BB = AA = 0 and AB = BA. This indicates that the population consists of isolated pairs of papillae from map A and B, i.e. the maps obtained at two occasions match prefectly.
A x 2 analysis (Conover, 1980, pp. 153 -158) was used to test the difference between the sample distribution of r for maps from rats observed at two times and for maps from different rats.
Results
Three groups of maps were analyzed with the method described. Group 1 consists of maps obtained from the left side of the tongue in the same animal at two occasions, which were either 1, 4 or 12 months apart. The total number of animals in this group was 28. The data from this group of 28 pairs of maps should show the influence of time, in addition to the factors mentioned in the next group.
Group 2 consists of the two maps obtained within a day. The data are based on 14 pairs. This group served as a control group. Their r values should be influenced by Stability of funglform papillae pattern in rats Fig. 1 . The data for the three groups (see text) have been plotted as histograms, in which the number of observations within each 0.1 r interval has been plotted against the r values. The bold solid line illustrates group 1, the hatched area group 2 and the thin line group 3. It is evident that group 2 is completely contained within the envelope of group 1, thereby indicating that there was no difference between the two maps obtained within 1 day and the maps obtained after 1, 4 and 12 months. While group 3 is different from group 1 and 2 (P < 0.001).
variation in positioning of tongue and papillae that went unrecorded during each mapping, but not by the time factor. Group 3 consists of comparisons between maps from different animals. A reference for the distribution of r was created by computing r for map A from one animal and from map B from another animal. This was done 56 times. The maps were randomly selected from group 1. Table II summarizes the observed correlation coefficients of segregation values (r) in the three groups above.
The table lists for r. mean, standard deviation (SD), standard error of mean (SE) and number of observations in each group (n). It can be observed that the mean value for r in group 1 is -0.805 and group 2, -0.782. These coefficients of segregation are of the same magnitude. The negative values indicate a pairing of papilla for the two maps, whereas a value close to zero would indicate a random distribution of papillae.
When the maps obtained from different rats were compared, as was done in group 3, the mean value of r was -0.581. A goodness-of-fit test of the hypothesis that the distribution of r for the correctly matched maps (group 1) is the same as for the incorrectly matched (group 3) is rejected at the 0.001 significance level, while there was no significant difference between the two correctly matched groups (groups 1 and 2).
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In Figure 1 the data for these three groups have been plotted as histograms, in which the number of observations within each 0.1 r interval has been plotted against the r values. The bold solid line illustrates group 1, the hatched area group 2 and the thin line group 3. It is evident that group 2 is completely contained within the envelope of group 1, thereby indicating that that pattern of fungiform taste-buds was stable.
The r values for each 1-, 4-and 12-month interval within group 1 was also analyzed for a possible systematic difference. The n, mean and standard deviation are respectively: 8, -0.762, 0.104; 11, -0.816, 0.190; 9, -0.840, 0.097 . If there is a trend, . it indicates fewer differences between maps obtained with an interval of 1 year than with the shorter intervals. However, the differences between groups are not significant (P < 0.05, one-way analysis of variance).
Discussion
The fungiform papillae are not uniformly distributed over the tongue. They form an individual pattern (Miller and Preslar, 1975) . Although earlier anatomical observations of taste-bud maintenance in rats demonstrate that the number of fungiform papillae and taste-buds are not altered greatly in rats over a wide age range (Mistretta and Baum, 1984; Mistretta and Oakley, 1986) , to our knowledge no study of the effect of time on this pattern has been presented. The results above suggest that this pattern remains constant through the adolescence and into die adult life of the rat. A photographic method of mapping was first tried but had to be abandoned for several reasons which the size of this communication does not allow us to discuss. However, after several failed photographic attempts we had to rely on the method described. Our confidence in the method increased when it was found that there was little variation between maps obtained from the same animal even by different observers. In spite of this, all maps in this study were obtained by the same observer.
The mathematical method takes every papilla or point on map A and finds the point which is closest to this point regardless of the map on which the point is found. If the point is found on map B, then the top right number of Table I (i.e. AB) is incremented by 1, if it is found on the same map A, the increment will be made to the top left number (AA). After all points have been matched on map A, every point on map B is used as base points for die same operation. In this case, if the nearest point found is on map B, men the values of the right lower number (BB) of our array is incremented by 1, otherwise the left upper (AA) is increased.
The mediod is easier to understand if one looks at what happens if all points on one map are clustered at the tip of the tongue, while all points on the other map are clustered at the caudal part of the tongue. In this case the values of die top right and bottom left numbers will be 0, since for all base points, the points on the first map will be closer to some point on the first map than any point on the second and vice versa. The r value will be +1. On the other hand, if we have a perfect match, that is the second map is congruent widi die first, then at every base point we will find the nearest point to be on die other map and the r value will be -1.
In this study we obtained a r value of 0.8 when maps from the same animals were matched, which was less man a perfect match. However, it was difficult to apply Table I in die same way at each measurement. The tongue was stretched somewhat differently each time. This affected the distances between the papillae. An additional negative factor was the fact that the lines on the grid sometimes hid a papilla, especially where the lines intersected. Thus the r numbers will be > -1. On the other hand, it might be argued that a r value of -0.8 was not close enough to -1. To address this problem we compared maps obtained within 1 day, but where otherwise the conditions were the same as for group 1 and, as shown in Table II , obtained a similar r value.
With regard to the question of persistence of an individual papilla, we cannot state from the statistics that none of the papillae had disappeared. However, papillae, which were part of a double papilla or some other easily recognizable constellation, always remained no matter how long a period of time passed between mapping. This indicates that the individual papilla did indeed remain.
